Myxococcus xanthus and M . fulws was examined by rate-zonal centrifugation of radioactively-labelled DNA in 'cleared lysates'. All the strains examined contained extrachromosomal DNA, with the exception of M . xanthus F B~. Chloramphenicol resistance is inducible in M . xanthus F B~. A peak of extrachromosomal DNA, containing covalently closed molecules, was found in one of the induced strains, implying that induction of chloramphenicol resistance is associated with the production of a plasmid.
I N T R O D U C T I O N
The genus M~~xococcus comprises certain members of the order Myxobacteriales (Gramnegative rods with a complex morphogenetic cycle involving the formation of fruiting bodies) which have a resting form, myxospores: grossly different in morphology from the vegetative organisms. Inducible chloramphenicol resistance has been obtained in M . fulws M (Parish, 1975) and M . xanthus F B~ (Burchard & Parish, 1975) . Additionally, resistance to several drugs can be transferred to M . xanthus and M . fuhws by incubating myxococci with cultures of Escherichia coli harbouring R factors (Parish, 1975) . In all cases examined: chloramphenicol resistance is mediated by acetylation of the drug (Parish, I 975 ; Burchard & Parish, 1975) . We have examined the extrachromosonal DNA in 'cleared lysates' of bacteria by using techniques similar to those designed for E. coli by Guerry, LeBlanc & Falkow (1973) , with a view to establishing the molecular basis for chloramphenicol resistance in myxococci.
METHODS

Chemicals and media.
Tris and deoxyadenosine were obtained from Sigma; other chemicals were obtained from BDH and were of AnalaR grade where possible. Agar was obtained from Laboratory Industrial and Pharmaceutical Services Ltd, London ; other media were obtained from Difco, and chloramphenicol from Parke-Davis Ltd, Hounslow, Middlesex. Radiochemicals were obtained from the Radiochemical Centre, Amersham, Buckinghamshire. My'xococcus strains were maintained on plates of I % (w/v) Bactocasitone-1.5 % (w/v) agar and were grown in shake culture at 30 "C in I % (w/v) vitamin-free Bactocasitone supplemented with CaCl, ( I O -~ M); this medium is referred to as VFCa. Plates and liquid cultures used for growth of chloramphenicol-resistant strains contained chloramphenicol Bacterial strains. Strains used in this work are listed in Table I . The characterization of chloramphenicol-resistant strains is described by Parish (1975) .
Preparation of cleared lysates. Bacteria were grown in VFCa medium (containing chloramphenicol for chloramphenicol-resistant strains) to mid-exponential phase 0-2 to 0.6) and I ml was transferred to fresh medium (50 ml), containing deoxyadenosine (25 pg/ml) and either [rnethyl-3H]thymidine (5 pCi/ml; 56 Cilmmol) or [methyll-14C]thymine (0.5 pCi/ ml; 60 mCi/mmol), and were grown to mid-exponential phase. The mean generation time of the strains was between 10 and 20 h. The bacteria were harvested and washed twice with VFCa medium by centrifugation. The bacteria were lysed in detergent and strong salt by the method of Guerry et al. (1973) . The amount of radioactivity incorporated into the DNA of myxococci by these techniques is limited, and for strain A I and some of the derivatives, insufficient radioactivity was incorporated for analysis (see Results). The small amounts of radioactivity available throughout limited the further analysis of fractions from sucrose gradients and, in particular, rendered impossible the resolution of the complexity of the heterodisperse cryptic extrachromosomal material which was found in all the strains we examined, with the exception of M . xanthus (25 I%/ml). Gradients were centrifuged in the SW39L rotor of the Beckman model L2-65B ultracentrifuge for 300 min at I 17000 g and 15 "C. Arrows indicate the peak of radioactivity in the neutral gradient (a) and the position to which such material would sediment at pH 11.4 (b), if it consisted of covalently closed DNA molecules. Assay of radioactivity. Fractions from sucrose gradients were diluted fourfold with water and fluor solution (5 g a,5-diphenyloxazole and IOO g naphthalene/l in I ,4-dioxane) was added. The samples were counted in the Beckman LS200 liquid scintillation spectrophotometer to the standard error of 5 %. For double-labelled samples quench correction and channeloverlap corrections were made.
R E S U L T S
DNA was found in cleared lysates of all myxococci studied with the exception of M . xanthus FBt. In most strains the DNA formed a broad envelope in sucrose gradients, implying a heterogeneous population of extrachromosomal DNA molecules; Fig. I , for example, shows the distribution of DNA from M . xanthus A. A comparison of the pattern of sedimentation at pH 7.0 (Fig. I a) with that a t pH I I '4 ( Fig. I b) suggests that most of the species are covalently closed, because covalently closed molecules have the same sedimentation coefficient at these two pH values (Abelson & Thomas, 1966) .
We examined the distribution of DNA from cleared lysates in several chloramphenicol- 19) are not identical, as the latter strains differ from the parental strain A I with respect to the stability of the rifampicin marker (Parish J 975). Moreover, we were unable to incorporate sufficient radioactivity from either thymine or thymidine into the DNA of the chloramphenicol-sensitive A I ( R I . 19) derivatives for sucrose-gradien t analysis. The analysis of DNA in cleared lysates of M. xanthus F B~ and F B~-I cml revealed a peak of extrachromosomal DNA in strain FBt-I crnl absent from the DNA of chloramphenicolsensitive parent (Fig. 2) . The changed distribution in the alkaline gradient (Fig. 2b) implies that although the preparation contains much DNA that is not covalently closed, possibly due to the presence of 'nicked circles', there is a proportion of covalently closed molecules.
The distribution of DNA from strain ~~( R~. l g ) c m l shows a peak of radioactivity (position X in Fig. 3) which is unchanged at pH I 1-4 (Fig. 3b) . Position Y shows the anticipated peak of activity for M. xanthus A in such gradients. As there is some loss of this peak Non-chromosomal DNA in Myxococcus 67 to more slowly sedimenting forms at pH I 1.4 (Fig. I) , the loss of radicactivity at position Y in Fig. 3(6) is consistent with the partial denaturation of this endogenous material and a retention of the covalently closed structure of a plasmid derived from R I . I 9 in M . xanthzrs, sedimenting to position X.
Several RT strains derived from M..firlvzrs M were isolated by Parish (1975) . The analysis of the DNA from these strains was complicated by the large amount of M . fulvus extrachromosomal DNA revealed by the technique. Analysis of two doubly-labelled preparations are shown in Fig. 4 . M~~xococcusJirli~us ~(R576)cml (Fig. 4a) shows no clear evidence for the presence of plasmid in the R+ strain although the higher 3H:14C ratio in the upper part of the gradient may reflect the presence of a plasmid characteristic of the R576cml marker. In M . firliws M(S-a)cml (Fig. 4b) there is a large peak of 3H-radioactivity implying the presence of a plasmid in the R+ strain.
Analysis by the same technique of DNA from strains ~(R1.19)cml and ~(R478)cml (not shown) produced profiles similar to that shown for ~ ( R 5 7 b ) in Fig. 4(a) . This suggests that either there is no plasmid characteristic of the resistant strains or that the molar yield of R factor is much lower than that of the endogenous extrachromosomal DNA.
D I S C U S S I O N
The presence of extrachromosomal DNA in myxococci has been demonstrated for the first time, by comparing sedimentation patterns at pH 7-0 and pH 11.4 to discriminate between covalently closed DNA and other classes of DNA. This procedure is based on the finding that the a1 kali-mediated helix-coil transition for the covalently closed DNA occurs at pH I 1.6 to I 1.8, 0.5 pH units higher than that of linear and open-circular DNA (Vinograd, Lebowitz & Watson, 1968) .
The discovery of a plasmid in M . xanthzrs F B~-I cml suggests two modes of origin of drug resistance: either a cryptic gene in the parent strain, F B~: is expressed only following segregation of a plasmid, or the chloramphenicol resistance gene is borne on a plasmid that is amplified following induction. Plasmids homologous to chromosomal DNA have been demonstrated in Bacillus ~vegateriuni (Hennebury & Carlton, I 973; Carlton & Smith, 1974) : suggesting that certain bacterial genes can be present either in an integrated form in the chromosome or as extrachrcmosomal elements, The present results with M . xanthzrs F B~ suggest that there might exist a class of genes which are only expressed following segregation of a plasmid.
The presence of plasmids associated with drug resistance in M . fuhzrs M(S-a)cn?l and M . xanthirs A I ( R I -I~) C~? / is consistent with the origin of the strains as exconjugants from mixtures with R+ strains of E. coli (Parish, 1975) . From the present data, we cannot say whether or not the plasmid (or some part thereof) has been transferred to MJ~XOCOCCLIS. Our inability to demonstrate the presence of plasmids associated with chloramphenicol resistance in other M.firli~irs strains may reflect either low yields of the R factor relative to the cryptic plasmids of M . f U h u~ M or integration of the plasmid into the genome. This work was supported by the Science Research Council with a studentship to (N.L.B.) and a research grant (to J.H.P).
